Recombinase mediated DNA cassette exchange (RMCE) has been successfully used to insert transgenes at previously characterized genomic sites in plants. Following the same strategy, groups of transgenes can be stacked to the same site through multiple rounds of RMCE. A gene silencing cassette, designed to simultaneously silence soybean genes omega-6 desaturase (FAD2) and thioesterase 2 (FATB) to improve oleic acid (18:1) content, was first inserted by RMCE at a pre-characterized genomic site in soybean. 2 human body tissues with numerous negative health consequences. Edible vegetable oils are also often hydrogenated to improve oxidative stability, maintain flavor, and provide necessary solid fat functionality etc. But hydrogenation leads to the formation of trans unsaturated fatty acids which have been linked to cardiovascular diseases. Healthy alternatives are oils rich in oleic acid 18:1(D9) that can be obtained from mutant oilseed plants with defective omega-6 desaturase (FAD2) genes. FAD2 is directly responsible for the desaturation of oleic acid to linoleic acid 18:2(D9,12) (Fig. 1 ). Many plants have several FAD2 genes contributing to seed linoleic acid content that need to be simultaneously mutated in order to get high enough levels of oleic acid (Heppard et al., 1996; Lightner et al., 2006). However, the fatty acid contents of non-seed organs can also be affected by the FAD2 mutations causing agronomic problems (Reviewed in Damude and Kinney, 2007, 2008a, 2008b.
B54 were proliferated and used directly as the targets for the second round of SSI transformation. B52 retransformation events were subsequently abandoned since B52 somatic embryos did not display the expected fatty acid phenotype.
The second donor DNA construct QC438 contains all the components between the FRT1 and FRT12 sites of QC288A436A438A (Fig. 2C) . The ALS selectable marker gene and the FRT1 and FRT12 sites are required for RMCE to stack all the genes onto the QC288A436A target. The second round of SSI transformation was expected to be challenging for several reasons: 1) it required the embryogenic callus of newly identified transgenic events to be directly retransformation; 2) the performance of the four first round RMCE events as targets for another round of transformation was unknown; 3) the QC438 donor DNA is larger than any previously transformed DNA; 4) the complication of three FRT sites on both the QC288A436A target and the QC438 donor DNA had never been evaluated. There were 32 chlorsulfuron resistant events produced, but most of them were determined to be SSI negative. Only one event B531 was confirmed to be a gene stacking RMCE event containing the complete QC288A436A438A transgenes (Fig.   2C ).
Characterization of the First Round RMCE Events
Somatic embryo samples of all the 37 hygromycin resistant events produced by the first SSI transformation were analyzed by four qPCR (quantitative PCR) assays. The target qPCR is specific to the FRT1 site of QC288A329A; it checks the SCP1 and ALS junction for the copy number change of the target ( Fig. 2A) . The SSI qPCR is specific to the FRT1 site of QC288A436A; it checks the new SCP1 and HPT junction resulted from a recombination event at the FRT1 site (Fig. 2B ). Since the integration of transgenes is site-specific for the FRT1 site, any events positive for the SSI qPCR are considered SSI positive. Only those SSI positive events that are shown, by subsequent border-specific PCR, to also have predicted FRT87 end DNA recombination are considered as RMCE events. The donor and FLP qPCR assays are each specific to a unique region of the donor QC436 or the FLP QC292 circular plasmid DNA and were used to check for their random integration.
Since the B5 target cultures were initiated from homozygous transgenic plants, the target qPCR should identify two copies of the target QC288A329A if SSI recombination did not occur. If DNA recombination occurred on only one target chromosome, the SSI qPCR would detect one copy SSI QC288A436A while the target qPCR would detect a copy of the target contributed by the other target chromosome. Since the FRT1 and FRT87 sites are not completely incompatible, all components between them can possibly be excised resulting in gene excision product QC288ME that can not be detected by either SSI or target qPCR (Li et al., 2009) . It was observed that events with one copy of SSI often no longer contained any target probably due to gene excision. All of the 23 SSI positive events contained a single copy SSI and 10 of them retained one copy of the target while the remaining 13 had the other copy of the target excised. Many of the 23 SSI positive events also contained randomly integrated donor or FLP DNA, or both. Four selected events B51, B52, B53, and B54 are all free of the target DNA though B51 and B52 contain the FLP DNA (Table I) . B51 is likely a chimera containing only 0.2 copy of the FLP DNA.
As exemplified by the four selected events B51, B52, B53, and B54 (Fig. 3) , PCR assays using various primer combinations were done on SSI positive events to confirm RMCE (Fig. 2) . The four events were confirmed to be RMCE-excision events by PCR using primer sets 70-1S/Hygro-A and soyFad2-A/70-1A specific to the 5' and 3' borders of RMCE DNA QC288A436A, and 70-1S/70-1A specific to excision DNA QC288ME (Fig. 3A) . Three of the four events were also positive for PCR with primer sets 70-1S/Als-3 and Cyan-1/70-1A specific to the 5' and 3' borders of the target DNA QC288A329A; B52 was weakly positive for the 5' target border PCR and negative for the 3' target border (Fig. 3B) . The results indicated that the four events, when sampled at the callus stage, were chimeras consisting of cells containing the RMCE, target, and excision. Cells lacking the RMCE DNA QC288A436A would be eliminated by extended hygromycin selection, since neither the target QC288A329A nor excision QC288ME contains a HPT gene. The third recognition site FRT12 of QC288A436A was shown to be present in the four events using primers Hygro-81 and Kti3P-A (Fig. 3B) .
Depending on the availability of enough somatic embryos, 13 SSI positive events were analyzed by gas chromatography (GC) to check for fatty acids. All of them, except for B52, showed reduced levels of saturated fatty acids (16:0 and 18:0) and elevated levels of oleic acid (18:1) as exemplified by the four selected events (Table I ). The results indicated that endogenous FAD2 and FATB genes were silenced by the FAD2-FATB cassette of the QC288AQC436A transgenes. The fatty acids levels in event B52 are similar to those in wild type somatic embryos. It is not known why event B52 failed to exhibit the silencing phenotype even though molecular analyses indicate that B52 is an RMCE event.
T0 plants regenerated from 10 RMCE events including B53 and B54 produced T1 seeds. Fatty acids profiles were determined on T1 seed chips by GC. T1 plants germinated from the same chipped seeds were analyzed by the SSI, target, donor, and FLP specific qPCR assays to check for transgene segregation. Mendelian segregation was observed in 9 of the 10 events and the high oleic and low palmitic and stearic fatty acids phenotypes are linked to the transgenes. Though the SSI qPCR negative plants (null) contain the wild type levels of fatty acids in their seeds, homozygous and hemizygous T1 plants contain similar high levels of oleic acid (~90%) and low levels of palmitic and stearic acids (~5%) in their seeds, indicating that one copy of the QC288AQC436A transgenes is sufficient to suppress endogenous FAD2 and FATB genes. The qPCR results and fatty acid profiles for B53 T1 progeny, including two homozygous B53-1 and B53-2, two hemizygous B53-3 and B53-4, and two null B53-5 and B53-6, are shown as examples (Table I) .
Characterization of the Second Round RMCE Events
Putative events selected from the direct retransformation of the four QC288A436 RMCE events B51, B52, B53, and B54 with the second donor QC438 DNA were analyzed by the same four qPCR assays; however, the SSI and target qPCR were switched because the HPT gene in QC288A436A was exchanged to the ALS gene in QC288A436A438A (Figs. 2) . There were only four events identified as SSI qPCR positive including B531 and B541 shown in Table II . The other two SSI positive events failed to survive. Border-specific PCR assays indicated that only one event, B531, was an RMCE event positive for both the 5' and 3' end borders specific to QC288A436A438A (data not shown, similar results on a B531 T0 plant shown in Fig.   5 ).
Event B531 and a few others were analyzed by GC and NMR (Nuclear Magnetic Resonance) to check for fatty acids and total oil in somatic embryos (Table II) . Event B531 retained the high level of oleic acid (18:1) and low levels of saturated fatty acids (16:0 and 18:0) conferred by the FAD2-FATB cassette of the first RMCE DNA QC288AQC436 and showed an elevated level of total oil, 7.5%, suggesting that the DGAT1 cassette of the second RMCE DNA QC288A436AQC438 was expressed. The total oil content in wild type somatic embryos at a similar stage varies from 3% to 6%.
Oil measurements on somatic embryos transformed with Yarrowia DGAT1 have been shown to be excellent predictors for increased oil in seeds and oil contents greater than 6% typically result if a functional Yarrowia DGAT1 is expressed (Meyer et al., 2008) .
The SSI negative event B532 had a high level of 18:1 and low levels of 16:0 and 18:0, suggesting that it retained the FAD2-FATB cassette of QC288A436A. Oil measurements were not completed with this event due to tissue amounts being too low and therefore it is not known whether the copy of the donor DNA indicated by the donor qPCR contains a functional DGAT1 gene. In contrast, the SSI positive event B541 lost the high 18:1 phenotype suggesting that the FAD2-FATB cassette of QC28A436A was probably excised by FLP during retransformation and oil content suggested a non-expressed or non-functional DGAT1 gene. SSI-negative events B511 and B512 not only failed to show elevated oil levels but also lost the high 18:1 phenotype suggesting that their FAD2-FATB cassette was also excised.
The same five events were analyzed by western blotting to check for the expression of amino acids modification transgenes DHPS, BHL8, and CGS in somatic embryos.
Only event B531 expressed all three genes at levels detectable by the DHPS, BHL8, and CGS antibodies (Fig. 4) . The other events expressed only one or two of the three genes.
DHPS expression was detected in event B512 suggesting that only the DHPS cassette of QC438 was probably randomly integrated, which would not be detectable by either the SSI or donor qPCR assays. It is known that DNA fragmentation is common during biolistic bombardment especially for large DNA constructs.
The above molecular and phenotypic analyses indicated that seven genes, ALS, DGAT1, BHL8, DHPS, CGS, FAD2, and FATB were successfully stacked at a previously characterized genomic site by two rounds of SSI transformation and that all the transgenes were expressed. In the case of ALS, DGAT1, BHL8, DHPS, and CGS, the expression of the transgenes led to the production of functional proteins, and in the case of FAD2 and FATB, it led to the silencing of endogenous genes.
Molecular Characterization of the Gene Stacking RMCE Plant
A T0 plant B531-1 regenerated from event B531 was analyzed by the same qPCR assays previously done on embryogenic callus. Consistent with previous results (Table   II) , the qPCR assays confirmed that B531-1 contains one copy of the RMCE DNA QC288A436A438A and is free of any donor, target, or FLP DNA (data not shown).
The T0 plant B531-1 containing the stacked genes QC288A436A438A, and its ancestors including the original target B containing QC288A, the first round SSI transformation target B5 containing QC288A329A, and the second round SSI transformation target B53 containing QC288A436A were analyzed by PCR using nine sets of primers (Fig. 2) . The 70-1S/Hygro-A primer set specific to the SCP1 and HPT junction of QC288A and QC288A436A detected the expected band in B and B53 (Fig.   5A , left). The Yfp-3/70-1A primer set specific to the QC288A 3' end detected the band expected only in B (Fig. 5A, center) . The 70-1S/70-1A primer set specific to both the 5' and 3' end genomic borders of the B target site detected the full length QC288A band in homozygous B, the full length QC288A329A band in homozygous B5, and the excision band in hemizygous B53 and B531-1 (Fig. 5A, right) . The full length QC288A436A of B53 and QC288A436A438A of B531 are too large to be amplified by PCR. The 70-1S/Als-3 primer set specific to the SCP1 and ALS junction of QC288A329A and QC288A436A438A amplified the expected band in B5 and B531-1 (Fig. 5B, left) . The
Cyan-1/70-A primer set specific to the 3' end of QC288A329A amplified the expected band in B5 and also in B53 (Fig. 5B, center) indicating that B53 still partially contained its parent target B5, consistent with previous PCR analysis (Fig. 3B) . The soyFad2-A/70-A primer set specific to the 3' end of both QC288A436A and QC288A436A438A amplified the expected band in B53 and B531-1 (Fig. 5B, right) . The Hygro-81/Kti3P-A primer set specific to the FRT12 region of QC288A436A amplified the band expected only in B53 (Fig. 5C, left) . The Ph3-3/Kti3P-A primer set specific to the FRT12 region and the Cong-1/Ph3-A primer set specific to a middle region of QC288A438 amplified the bands expected only in B531-1 (Fig. 5C , center and right). Fig. 5D will be described later in Southern hybridization analysis.
The T0 plant B531-1 together with its parent B53 segregating T1 plants (Table II) and their homozygous B5 and B ancestors were analyzed by Southern to confirm precise RMCE. Leaf genomic DNA was digested with MfeI and hybridized sequentially with SCP1, HPT, FATB-5 and DGAT1 probes (Fig.2) . Since the 5' and 3' genomic borders of the B target site had been sequenced and the QC288A transgene at this site lost 17 bp 5' and 49 bp 3' end sequences (data not shown), the sizes of expected Southern bands of the transgenes are known for the samples if they are true RMCE events.
Since the SCP1 promoter is outside the FRT1 recombination site, it cannot be changed by RMCE and should always be present at the target site (Fig. 2) . The SCP1 probe hybridized to the expected 12,205 bp QC288A436A-specific band in homozygous B53-1 and B53-2, and the 3,987 bp QC288ME band in excision B53-5 and B53-6. Both the 12,205 bp and 3,987 bp bands were detected in hemizygous B53-3 and B53-4 (Fig.   6A ). The B531-1 T0 plant is indeed "hemizygous" with one chromosomal target QC288A436A converted to excision QC288ME and the other converted to RMCE QC288A436A438A. As expected, both the QC288A436A438A-specific 3,681 bp band and the QC288ME-specific 3,987 bp band were detected in B531-1. The same 3,681 bp band, also specific to QC288A329A of the B5 ancestor, was detected in B5. The QC288A-specific 7,839 bp band was detected in B (Fig. 6A ). The HPT probe hybridized to the same QC288A436A-specific 12,205 bp band in B53-1, B53-2, B53-3, and B53-4, and the QC288A-specific 7,839 bp band in B. As expected, no HPT band was detected in B53-5, B53-6, B531-1, or B5 (Fig. 6B ). The FATB-5 probe hybridized to two endogenous homolog gene bands in all the samples in addition to the same QC288A436A-specific 12,205 bp band in B53-1, B53-2, B53-3, and B53-4. But the expected QC288A436A438A-specific 12,931 bp FATB-5 band was not detected.
Instead, a larger band seems overlapped with the large wt band (Fig. 6C ). The discrepancy was caused by an internal deletion of QC288A436A438A as discussed below.
The DGAT1 probe hybridized to only B531-1 as expected but the band is much larger than the expected 6,352 bp QC288A436A438A-specific band (Fig. 6D) . To resolve the discrepancy, the entire 21,727 bp QC288A436A438A transgenes plus some 5' and 3' end genomic borders were amplified by PCR as five overlapping ~5 kb fragments (data not shown). An ~3 kb long deletion involving the DHPS gene and UBIQ10 promoter was identified only in the B531-1 T0 plant but not in its embryogenic callus B531 (Fig. 5D ). Sequencing the corresponding fragments revealed that a 2,946 bp segment including the entire DHPS gene and the UBIQ10 promoter was looped out between two 165 bp repeats in B531-1. The 165 bp sequence encoding a soybean ribulose-1,5-bisphosphate carboxylase small subunit transit peptide was engineered at the 5' end of both DHPS and CGS to target the enzymes to chloroplast. The loss of two MfeI sites contained in the DHPS region ( 
DISCUSSION
RMCE using different recombinase systems has been achieved successfully in several plants (Li et al., 2009; Louwerse et al., 2007; Nanto et al., 2005) . However, stacking multiple genes at a pre-characterized genomic site using RMCE or any other technology has not been reported. Although the gene stacking event B531 in this report has defects and cannot be used as a product, the integration of seven functional trait genes at one genomic site by two rounds of SSI transformation demonstrates the usefulness of RMCE technology in agricultural biotechnology and gene expression research. Careful evaluation of the phenotypes conferred by all the genes will help to check if the seven genes placed in the linear configuration interfere with each other. Due to the 2,946 bp internal deletion of QC288A436A438A and other defects in the T0 plant B531-1, we will not be able to study this event further. New gene stacking events produced from other experiments will need to be evaluated to address the question.
RMCE is a complex process especially when there are two targets, one on each homologous chromosome, and the two recombinase recognition sites involved are only partially incompatible (Li et al., 2009 containing multiple genes with some repeated sequences. Since it is known that the three FRT sites used in B53 and B531 are not completely incompatible (Tao et al., 2007) , DNA recombination can happen between any pairs of them when exposed to FLP recombinase. As a result, genes already integrated in the first round SSI, i.e., the FAD2 and FATB, can be excised during the second round of SSI transformation as indicated by the reduced levels of oleic acid in events B541, B511, and B512 (Table II) . recombinase-mediated RMCE which may have the advantages of being reversible, more effective and flexible, and able to deliver large transgenes. Future challenge for the application of RMCE in agricultural biotechnology is to develop highly transformable target lines that are able to accept transgenes with different preferences for optimal gene over-expression, gene silencing, tissue-specific expression, and agronomic performance.
MATERIALS AND METHODS

DNA Construction and Plant Transformation
Donor constructs QC436 containing FRT1-HPT:NOS-FRT12+KTI3:FAD2-1-FATB-
4-FATB-5-FATB-4-FAD2-1:KTI3-ALB-FRT87 and QC438 containing FRT1-ALS:PINII+GY1:DGAT1:LEG+CONG:BHL8:PH3+ALB:DHPS:MYB2+UBIQ10:CGS:
PH3-FRT12 were made following standard molecular cloning procedures using components from existing DNA constructs (Falco, 2006; Falco et al., 1999; Hitz, 2001; Li et al., 2009; Lightner et al., 2006; Meyer et al., 2008; Roesler and Rao, 2000) . 
Quantitative PCR Analysis
Gene-specific qPCR assays were done on somatic embryo or leaf DNA samples using the same primer/probe sets specific to the original target QC288A, the first target QC288A329A, i.e., RMCE event B5, and the FLP DNA QC292 (Li et al., 2009 ). The first donor QC436-specific qPCR assay used a new primer, 409-1F (5'-CGACGGTATCGATAAGCTTGTTAAC-3'), and the previous primer Hygro-116R and probe Hygro-79T. The second donor QC438-specific qPCR used primers 409-1F, Als-163R, and probe Als-110T. SSI-specific qPCR assays used the same QC288A-specific primer/probe set of QC288A-1F, Hygro-116R, and probe Hygro-79T for the first round RMCE QC288A436A, and the same QC288A329A-specific primer/probe set of QC288A-1F, Als-163R, and probe Als-110T for the second round RMCE QC288A436A438A.
PCR Analysis
PCR assays were similarly done on somatic embryo or leaf samples using some Soybean seeds or somatic embryos were ground and their fatty acids compositions were determined by gas chromatography (GC). Approximately 5 mg embryo powder was incubated while shaking with 50 µL of TMSH (0.25 M trimethylsulfonium hydroxide in methanol) and 0.5 mL of hexane for transesterification in a GC vial at room temperature for 30 minutes. Fatty acid methyl esters (5 µL injected from hexane layer) were separated and quantified using a Hewlett-Packard 6890 gas chromatograph fitted with an Omegawax 320 fused silica capillary column (Supelco Inc.). The oven temperature was programmed to hold at 220 °C for 2.6 minutes, increased to 240 °C at 20 °C/minute and then hold for an additional 2.4 minutes. Carrier gas was supplied by a Whatman hydrogen generator. Retention times were compared to those for methyl esters of commercially available standards (Nu-Chek Prep, Inc.) and the peaks corresponding to 16:0, 18:0, 18:1, 18:2 and 18:3 were analyzed using the Chemstation software (Agilent).
The oil content was analyzed on remained embryo powder by nuclear magnetic resonance (NMR) using a Maran Ultra NMR system. The samples were weighed and scanned in a Cobra 800 NMR robot (Adept). The oil content was determined by comparing the NMR readings to standard curves and expressed as the percentage of the total sample weight.
Western Blotting
Total proteins were extracted from 5 µg lyophilized somatic embryo powder in a buffer containing 50 mM Tris pH 7.5, 10 mM β -mercapto ethanol, and 0.1% SDS. The proteins were resolved in 12% NuPAGE Tris-Glycine protein gels and blotted to nitrocellulose membranes using the XCell SureLock Novex Mini-Cell system (InVitrogen). Protein loadings and MultiMark weight markers (InVitrogen) were checked by staining the blots with Ponceau S (Sigma). The blots were then incubated at 4 °C overnight with DHPS, BHL8, or CGS antibodies (rabbit) diluted 1:1500 in 5% dry milk dissolved in TBS buffer, 20 mM Tris, 150 mM NaCl, pH 7.5, followed by four 5 minutes washes in TTBS buffer, TBS with 500µl /L Tween 20 (Sigma). Specific proteins were detected using the horseradish peroxidase-labeled mouse antibody of the Lumi-
Table I. Transgene integration and fatty acids contents of the first round SSI events
a Events B51 to B54 are representative hygromycin resistant events selected from the retransformation of homozygous target QC288A329A with the first donor QC436 and FLP QC292 DNA. B53-1 to B53-6 are segregating T1 plants derived from event B53.
b Embryogenic callus or T1 plant leaf samples were analyzed by qPCR specific to the SCP1 and HPT junction of QC288A436A (SSI), a QC436-specific region (Donor), the SCP1 and ALS junction of QC288A329A (Target), and a QC292-specific region (FLP).
A heat shock protein gene HSP was used as an endogenous control in duplex qPCR reactions. A genomic DNA sample containing one copy of the respective transgene was used as the calibrator to calculate relative transgene copies in other samples using the Δ Δ C T method (Applied Biosystems 7500 system software). A value less than 0.3 or between 0.4 and 1.3 was considered as zero or one copy. A value between 1.4 and 2.3 was considered as 2 copies. c Fatty acids were determined on the bulk of ten mature somatic embryos for B51-B54 or on T1 seed chips for B53 by gas chromatography (GC) and expressed as the percentages of total fatty acids. Fatty acid measurements by GC as described here are reproducible to approximately 3% of total fatty acids. Untransformed control somatic embryos typically contain 12.6-20.8% palmitate, 4.2-6.6% stearate, 12. 3-22.9% oleate, 39.3-46.9% linoleate, and 12.4-23.5% linolenate (Meyer et al., 2008) . Increases in oleate to greater than 30% and decreases in palmitate to less than 10% are indicative of successful FAD2
and FATB genes down-regulation, respectively. The chipped B53 seeds later germinated to T1 plants that provided leaf DNA for the qPCR assay. b Embryogenic callus samples were analyzed by qPCR specific to the SCP1 and ALS junction of QC288A436A438A (SSI), a QC438-specific region (Donor), the SCP1 and HPT junction of QC288A436A (Target), and a QC292-specific region (FLP). The qPCR assays were done similarly as described in Table I legend. c Fatty acids in mature somatic embryos were determined by gas chromatography similarly as described in Table I legend and are expressed as the percentages of total fatty acids. Oil contents in mature somatic embryos determined by nuclear magnetic resonance (NMR) are presented as the percentages of total sample dry weight. Oil measurements made by NMR as described here are reproducible to approximately 1% oil of sample dry weight. Untransformed control somatic embryos typically contain 2.2% to 6.2% oil (Meyer et al., 2008) . Increases in oil contents to above 7% oil of sample dry weight are indicative of a functional DGAT1 gene. Oil content for event B532 was not determined (ND) due to low tissue amounts. FLP QC292 and predicted excision DNA QC288ME which lost all the components between the FRT1 and FRT87 sites were described previously (Li et al., 2009) . Figure 3 . Analysis of the first round SSI events. PCR assays specific to the genomic borders of the B target site hosting different transgenes were done using combinations of the 5' border, 3' border, and transgene-specific primers (Fig. 2) . A, Expected PCR fragments of the 5' border (left), 3' border (center), and excision QC288ME ( were done on a RMCE T0 plant B531-1 using various primer combinations (Fig. 2) (Fig). 2 . A, The SCP1 probe hybridized to the expected 12,205 bp band of QC288A436A in B53-1 and B53-2, the 3,987 bp band of QC288ME in B53-5 and B53-6, and both bands in hemizygous plants B53-3 and B53-4. The same 3,987 bp QC288ME band and a 3,681 bp QC288A436A438A band were hybridized in B531-1.
As expected, the same 3,681 bp band also specific to QC288A329A was detected in B5 Figure 3 . Analysis of the first round SSI events. PCR assays specific to the genomic borders of the B target site hosting different transgenes were done using combinations of the 5' border, 3' border, and transgene-specific primers (Fig. 2) . A, Expected PCR fragments of the 5' border (left), 3' border (center), and excision QC288ME (right) of the first RMCE QC288A436A are 886, 1,116, and 986 bp. The expected 9,108 bp long full length QC288A436A is too large to be amplified (right). B, Expected PCR fragments of the 5' border (left) and 3' border (center) of target QC288A329A, and the FRT12 region of RMCE QC288A436A (right) are 967, 1,180, and 693 bp. Wild type DNA (wt) was included as a negative control. The four events were all chimeras containing the RMCE, target and excision transgenes at embryogenic callus stage. The FlashGel DNA markers are 4, 2, 1.25, 0.8, 0.5, 0.3, 0.2, and 0.1 kb (Lonza Rockland). Only the RMCE event B531 expressed all the three proteins DHPS (A), BHL8 (B), and CGS (C). Event B532 expressed only BHL8. Event B541 expressed both DHPS and BHL8 but not CGS. Event B511 expressed both DHPS and CGS but not BHL8. Event B512 expressed only DHPS. Positive controls containing respective genes are transgenic events from unrelated projects. The protein markers are in kD. . Confirmation of gene stacking by Southern hybridization. Genomic DNA of B53 T1 plants, homozygous RMCE B53-1 and B53-2, hemizygous (RMCE/excision) B53-3 and B53-4, and excision B53-5 and B53-6, the T0 plant B531-1 (RMCE/excision), and homozygous B5 and B ancestor plants were digested with MfeI and hybridized sequentially with probes SCP1, HPT, FATB-5, and DGAT1. The expected sizes of Southern bands are specific to transgenes integrated at the B target site where the transgenic QC288A lost 17 bp 5' end and 49 bp 3' end sequences. There is an MfeI site, respectively, 2,131 bp upstream and 1,230 bp downstream of the transgenes which contain MfeI sites (Fig). 2 . A, The SCP1 probe hybridized to the expected 12,205 bp band of QC288A436A in B53-1 and B53-2, the 3,987 bp band of QC288ME in B53-5 and B53-6, and both bands in hemizygous plants B53-3 and B53-4. The same 3,987 bp QC288ME band and a 3,681 bp QC288A436A438A band were hybridized in B531-1. As expected, the same 3,681 bp band also specific to QC288A329A was detected in B5 and a 7,839 bp QC288A band was detected in B. B, The HPT probe hybridized to the same 12,205 bp QC288A436A band in B53-1, B53-2, B53-3, and B53-4, and the same 7,839 bp QC288A band in B. C, The FATB-5 probe hybridized to two endogenous bands in all samples in addition to the same 12,205 bp QC288A436A band in B53-1, B53-2, B53-3, and B53-4. Instead of the expected 12,931 bp band of QC288A436A438A, a larger likely the 16,402 bp band expected from modified QC288A436A438A with its 2,946 bp DHPS-MYB2-UBIQ10 deleted, overlapped with the top wild type band in B531-1. D, The DGAT1 probe detected in B531-1 the same 16,402 bp band of the modified QC288A436A438A instead of an expected 6,352 bp QC288A436A438A band. The DIGVII DNA markers are 8576, 7427, 6106, 4899, and 3639 bp (Roche). 
